Observations 
. A sketch of the orbital geometry is given in Figure 2 of Weller and Meier [1974] .
The NRL payload contained five photometers spanning the wavelength band 17-150 nm, three of which covered the EUV spectral region below 100 nm. These three bands are listed in Table 1 . Light entering a photometer was confined to a 9 ø full field of view (FOV) by a collimator and baffles. Light then passed through a filter wheel and was detected by spiral chan- The data set obtained from this mission was sparse. Typical instrument operations were limited to two nighttime orbital passes every other day and a full pass every 2 weeks. In actuality, even fewer passes were obtained over the approximately 18 months of instrument operations. Only data taken at the closest approach of the LOS to zenith and nadir have been archived and are still available for analysis. Unfortunately, the only archive medium remaining is paper strip charts, which include the data and the attitude-orbit information. As will be seen later, the missing spin-scan data would have been quite valuable for improving the retrieval of model parameters. As will be discussed in section 5.4, the daytime observations from LEO contain substantial foreground emission from the topside ionosphere; consequently, we will concentrate on the analysis of nighttime observations in this work. At night most of the emission comes from the plasmasphere since the ionosphere is usually shadowed. As well, much better diagnostic information is available at night because of the action of the Earth shadow as a height differentiator of the emission rate. We will show in section 5.3 that this is particularly compelling where measurements in the shadow direction reveal plasma from beyond the plasmasphere.
Early attempts at modeling the STP 72-1 data were fortuitously successful during the day (see above) but failed to reproduce the emission rate during the night . A reexamination of the raw data has revealed the main source of the difficulty. The latitudinal range of disagreement between models and data turns out to be closely associated with EUV equatorial bands seen in the nadir by both photometers ND4 and ND5 [Meier and Weller, 1975] . No emission was seen in photometer ND1. The emission rate reported by those authors has morphological characteristics in common with lowaltitude quasi-trapped high-energy helium ions [Scholer et al., 1975] . Meier and Weller [1975] attributed the emission rate to the recombination/electron capture spectrum of He ++ into He + taking place well below the 740 km spacecraft orbit (-150 km). The spin-scan data revealed strong support for a lowaltitude origin of the signal [Meier and Weller, 1975 [1983] suggest that as much as 0.02 R is possible in the data of Chakrabarti et 
where the integral is carried out along the LOS path s(r, L) of the measurement. The various geometric conditions are contained within the coordinate system, the limits on the integrals, and the number density distribution. The forward model is quite general and can be used for either "inside-out" viewing or to generate global images from a viewing perspective external to the plasmasphere. Since the number density description is a subroutine in the model code, it is easy to change from one type of distribution to another. With data from the retarding ion mass spectrometer experiment on Dynamics Explorer DE 1, Horwitz et al. [1990] showed that He + closely tracked H + in the plasmasphere, so it appeared that use of (5) for helium as a proxy for the total plasma was justified. However, Craven et al. [1997] , analyzing the same data set, found that the helium-to-hydrogen ratio does, indeed, vary with geocentric distance. The differences between these two analyses of the same data set has not been resolved. As a result, we keep a constant in this work, recognizing that future studies with better quality observations than STP 72-1 could allow for a to be retrieved from the data. 
where a,/3, and 3/are parameters to be retrieved.
By combining (1)- (7), it is clear that the magnitude of the column emission rate in (1) depends linearly on the product of Fsu n and no; it is not possible to derive values for the two individually without independent information. Thus constant values are assumed for each, and a magnitude scalar of the intensity f is introduced as a parameter to be extracted from the data. Since the most important information expected from plasmaspheric imaging involves the dynamic response to geomagnetic forcing, the absolute values of the He + concentration are not of great significance [Armstrong and Johnson, 1995] .
Note that there is no local time parameterization in this model. This is acceptable for the STP 72-1 nighttime analysis, since local solar time varies only by about 1 hour or less along the instrument LOS when sunlit at high altitudes. Also, the current parameterization does not include latitudinal asymmetries about the magnetic equator. Certainly, north/south asymmetries exist and should be parameterized in future work. The impact of this limitation on the present analysis will be ad- 
Discrete Inverse Theory
Before testing the forward model described in section 3, we describe the methodology for inverting data. The inversion process begins with discrete data, a parameterized forward model of those data, and a method of retrieving the parameters and their uncertainties from the data. In an ideal situation, complete orthogonal sampling of the plasmasphere would al- 
In (9), P(døld/) is the conditional probability that the observed column emission rates will be d ø, given the true values dt; p(dtl rot) is the conditional probability that the model G gives 
Analysis of Selected Orbits

Visualization
Remote sensing of the plasmasphere from LEO poses a formidable obstacle to visualization of the region being sampled. Especially difficult is the night sector where the detector LOS begins at the satellite, progresses through the shadow, breaks into sunlight (unless pointed directly down the shadow), and encounters scattering from sunlit helium ions. As STP 72-1 moved around Earth, the volume of plasma sensed changed dramatically, causing variations of the nighttime intensity profiles in ways which are not intuitive (see Figure 1) .
In order to visualize the complex geometrical influences of the sensor LOS, the shadow, and the plasmapause, we developed a three dimensional imaging approach using Strata StudioProTM. An example of the complex geometry encountered Plate 2 displays viewing conditions for 12 orbital locations of orbit 603 in order to illustrate the changing illumination conditions. For these images the Sun is to the right to better see the FOV exiting the shadow and plasmapause during the night. During the day the instrument views the topside ionosphere and the plasmasphere. Little emission is expected over the polar regions because of the lack of plasma confinement by the magnetic field; this is faithfully rendered by the geometry. At night the emission rate rises (Figure 1) as the LOS crosses into the sunlit plasmasphere (Plate 2) but then decreases as the shadow-plasmapause intersection moves to higher altitudes. Minimum intensity occurs at the closest approach of the LOS to the antisolar direction.
Night Observations
As mentioned above, we focus the analysis on selected nighttime orbits of STP 72-1. We begin by showing in Figure 3 A third related test is to examine the correlation matrix. If the parameters are nearly orthogonal, the correlation coefficient between individual parameters should be near zero. Often, the correlation coefficient between pairs of a,/3, or 3' was found to be moderate or high, supporting the notion that the parameters are interdependent and therefore difficult to resolve. There are at least three possible reasons for the ambiguities in a,/3, and 3': (1) there is too much noise in the data; (2) the observational sampling is inadequate (i.e., the problem is underdetermined or mixed-determined); and (3) the parameterization of the helium number density is inappropriate for representing the plasmaspheric properties being sensed by the experiment. We examine these in detail next, using the model resolution matrix as the chief diagnostic.
5.2.1. Noisy data. To test the effect of counting statistics on the retrieval problem, we created synthetic data using the retrieved parameters for orbit 603. The process consists of using the forward model to compute column emission rates for each of the observing locations and directions. Statistical noise is then added by converting the emission rates into counts, calculating the standard deviation of each point, combining with a set of normally distributed random numbers, superimposing the noise onto the computed intensity, and then converting back to Rayleighs. In this case and those which follow, the "true" model parameters, m t are known. For the present example, an "instrument" calibration factor of 10 7 counts Rayleigh -• was employed to minimize the effect of noise. The comparison between diag R for the retrieval using the actual data and the synthetic data with low noise is shown in the upper part of Table 3 . The first row shows Rii for the observed data from orbit 603, and the second row shows Rig for the low-noise synthetic data. Although there is some increase toward unity in the diagonal values corresponding to a,/3, and % the parameters are still unresolved. The correlation between parameters also remains high. We conclude that although poor counting statistics contribute to the parameter resolution problem, it is not the sole source.
Inadequate sampling: Comparison with multipoint
observing. To test this hypothesis, we consider how the sampling would improve the resolution of parameters if the full spin-scan data were still available. We first constructed a set of 62 synthetic data points for a single sky scan in the orbital plane from horizon through zenith and back to the opposite horizon. The spacecraft was located at the antisolar point of orbit 603. Again, the high "instrument" sensitivity was used in constructing the data to avoid the effect of counting statistics. The model resolution matrix diagonal elements from the inversion of the single sky scan are shown as the third row of Table 3 . There is some improvement in R33 , but R44 and Rss are comparable to those obtained from the simulation of STP 72-1 (second row of Table 3 ). Thus a single sky scan is not much better than an orbital pass with near-zenith viewing. Next, synthetic data from a second sky scan were created in this case with the observing site at 50 ø latitude. The two sky scans were then inverted together as a single data set to study the effect of multipoint viewing. Values of diag R are shown as the last row in Table 3 (6)). Rather, two peaks were found in the variation of concentration with altitude along a field line, one in the ionosphere and the other at a few thousand kilometers. Similar results were reported by Newberry et al. [1989] for the case when the photoelectron energy loss in the plasmasphere was set at 55% (the value used in the present calculations as well). Significant differences were seen between the northern and southern distributions in our FLIP runs, again reflecting the higher photoionization rate of helium atoms due to the northern winter neutral helium bulge.
Here we assess the ability to differentiate the ionospheric and plasmaspheric contributions to the daytime STP 72-1 signals. On the basis of our nighttime study, we conclude that the data do not contain sufficient information to warrant developing a complex parameterization of the daytime He + concentration for similar inversion studies. Fortunately, a qualitative assessment requires only the evaluation of the column emission rate along two lines of sight corresponding to northern and southern magnetic latitudes. Here we have chosen _+43.1 ø magnetic latitude (L = 2.1 at 740 km). The column concentration was calculated with FLIP for various distances along the lines of sight and converted to emission rate via (1). In the south, 50% of the column emission rate originated between 740 and 2200 km. In the north the 50% altitudes were 740 and 1800 km. We conclude that the daytime emission rate is significantly influenced by ionospheric plasma and that a single detector viewing radially outward from LEO provides inadequate data for discriminating between the high-altitude (plasmaspheric) and low-altitude (ionospheric) sources.
Discussion and Conclusions
We have demonstrated that the STP 72-1 satellite observations of the plasmasphere using EUV remote sensing can now be well fitted with a simple parameterized model based on a first-principles approach (FLIP While observing the plasmasphere from LEO poses formidable problems in visualization, a significant step forward has been made with the development of a new three-dimensional imaging system. This "cartoon-like" approach enables rapid appraisal of the plasmaspheric region being detected and should prove to be an effective tool for planning of future missions. Video simulations are easily created and aid visualization tremendously. Noteworthy is its application to the STP 72-1 observations on February 4, 1973, where a major disagreement between the data and the model is apparent. On the basis of the geometric considerations alone, the three-dimensional imaging system quickly demonstrated that the emitting region had to reside beyond the plasmapause. Our estimates of the electron densities are roughly consistent with occasional observations of cold plasmaspheric plasma at geosynchronous altitude. Apparently, the plasmapause contains structure, even under conditions of low geomagnetic activity. The next step in evaluating EUV remote sensing is to apply DIT to the external viewing case. This is straightforward for single sky scans, but significant computational barriers arise with the large number of pixels present in an image. More degrees of freedom will be needed in the models. We also intend to explore the advantages of multipoint imaging from two or more viewing perspectives. The tools developed in this work will aid tremendously in evaluating observational scenarios which are needed to remove ambiguities, to eliminate underdetermined or mixed-determined problems in the image inversion process, and to provide accurate model parameters and plasmaspheric He + number densities.
